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NACA PROCEDURS FOR FLIGHT TESTS OF AILERON.
| .. GHARAOTERIBTIOS OF AIRPLANES
By_ﬁerpl@.I;ZJohneen_

... 1wERODUOTION

For a number of’ yeare the NACA flight-regearch labora-
tory hag been using a atandard procedure for evaluating
the alleron characteristioe of airplanee.. The purpose of
this paper 1s to describe the NACA procedure and to offer
pertinent.suggestions that.mgay be of value to 6therse inter-
ested in the conduet of such tests.

. .VARIABLES yx;sﬁnrﬁ -

The aileron characteristics are determined by measur-
ing the following variables during fllght:

(1). Rolling velocity

(2) .Ai}eron poesitions -
'($) 'Aileron'etick fbrge or taqgent1e; wheel force
(4) Inalcated airspeed '
(8) .Altitude .

.(6) Free-air temperature_

(7) Rudder’ poeition (optionai)

'ﬁolling Velocitf' j' . _ -

The_ rolling velbcity to be meaeured in the procedure
outlined herein is the maximum following a given abrupt
deflection of the ailerons at a given speed. Although an
instrument from which a time history of the rolling veloo-




ity throughout the test maneuver can be obtalned is most
desiradble, any instrument capable of measuring only maxi-
num angular velocities about the X airplane axis le
normally adequate in using the standard NAOA procedure.
(The axes referred to haeroin are the body axes of an alr-
plane.) Rolling veéloclty may be satisfactorily measured
by instrumente utilizing the gyroscopic effect for re-
sponse. In the NACA rolling-velocity recorder a small
flywheel is rotated at constant speed about its own axles,
which 1s alined with the Z airplane axls when the in-
strument i1s installed in an alrplane. The flywheel is
totally restrained about the X axis and will always roll
with the airplane, During rolling, the precessional torque
on the flywheel shaft acting about the Y axie deflects

a torsional spring supporting the flywheel frame and this
deflection 1s photographically recorded through a mechan-
ical-optical arrangement. Another method for measuring
rolling velocity consiste in photographing an artificilel-
horizon and a clock réading to 0.0l second with a motion-
plcture camera running at fairly high spesd. If the speed
regulation of the camera 1s good, the camera may be used
for establighing the time scale and the clock may be omit-
ted. The resulting record of angle of bank plotted against
time 18 differentiated to determine the maximum rolling
veloolty. Another method for measuring rolling velocity
conglsts in photographing the actual horizon during teet
maneuvers, )

Alleron Positions

The aileron positions to be measured are thoee at
trim and those at the deflection used to produce a given
abrupt roll. OControl-position recorders should be lo-
cated in the airplanz wings as close to eacl alleron as
possible and should be connected to the ailerons by inde~
pendent systems for transmitting motion, This 1nstalla-
tion eliminates the errors due to play or flexibility in
the control system that may be incurred 1f the instrument
1s connected to a cable, tube, or cockpit wheel or stick
control. ©Stretch in the control system can be corrected
for only if the eseparate hinge moments on the allerons
are known - a2 condltion not ordinarily achleved in flight
tests as 1t 18 generally much ocasier simply to measure
the over-all forece, supplied to the alleron control .system
by the pllot., If the afore- mentioned installation cannot
be used, errors due to control flexibility may be estl-
mated from ptatic loading tests, wind-tunnel tests, and
calculations. In some cases alloron positioneg may be de-
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termined by meanpg of ‘motion-ploture cameras set to photo-
graph the allerons. It 1s to be noted that errors due to
flexibility of thd control eyetem are avoided by this method
aleo. s B

Lilerdn Oontrol Force

The éileron stick or wheel foroe to be ‘meapured 1s
the foree required to hold a given aileron deflection at
‘or neaf¥ th¢-time .of maximum rolling ‘vyeloclty in a given
roll. Yoree recorders or indicators from whioh only the
maximum ferce that oceurred during a maneuver can be ob-
tained are unsatisfactory becauwse the force required to
deflect tho allerons abruptly almost always exceeds the
steady fo6rcé required .to hold the alleroms deflected on
aceount of control-system inertia. In:moet NAGA flight
tests foroces are recorded by an automatically recording
inptrument synchronized wlth the rolling-volocity recorder.
"When this system ie not-used, however, 1t has been found
that good results may bo obtained by using a force indi-
cator held between tha pilot'es hand and the stlck or
whoel. The pilot (or observer) reads the indicated force
required to hold the control deflocted. IBrrors encoun-~
tered in the indicator mothod are fairly small, because
the alleron hinge moments remaln eseentially constant as
long as the rolling velocity is near its maximum value.

Indicated Airepeed

Indioated airepeed may be obtained by autom&tically
recording a measure of the difference between the static
and the total pressures developed by a pitot~static inetal-
lation or by simply.‘reading the pilot's alrspeed meter an
instant before a test roll is -initiated. Imx eilther .case,
it 18 '‘desirable to correct the reading for pitot—ehatio-

poeition error nnd'inetrument-eeale error.

o A . AItitude
" Altitidde ie measured hArimarily for the purpose -of de-
termining static preeeure in order that. the indicated alr-
speed can be cenverted to true airepeed. Although a ra-
cordlng-altimeter may be used,_ it 1is generally sufficient
:o reid the pilot'e altimeter immediately befere the rell
8 made.- - ! . .




Freoe-Air Temperature

Free-alr temperature is also measured primarily for
the purpose of converting indicated to true airspeed. In-
dicating instrumente are .nearly always used and thelr
readings are corrected for the adiabatic temperature rise
in some manner that depends on the type of instrument em-
ployed. If the alléron rdélls are made during dives, the
erea .and altitude .range oqvered should be surveyed to ee-
tablieh free-air temperatures 1mmediate1y before or after
the tests.are made. :

. . Rudder Posltion
Rudder positiom 1s megeured only to check on the cor-

rectness of the piloting technique, For this reason, no

great effort need be made in the interests of exactness.

If the pilot 1s experienqed in the technique involved,

the meaemrement of ‘rudder pcdsition may be .dispensed with.

FLIGHT PROCEDURE

Ldteral;comtrol Tests

The NACA flight procedure for tegting lateral control
may be described in step-by-step form .as follows:

l. Pilot trims all control forces to zero -in straight,
laterally 1evel flight qt -8 predetermined 1ndicated alr-
speed., .

-
]

2. Pilot_very abrun ly moves the aileron control t-o
a predetermined deflection set by & control stop while
holding the rudder fixed in its trim position. Five sepa-
rate alleron deflectione in each direction are ordinerily
sufficlent at a glven airspeed; these deflections are 1/4,
1/2, 3/4, 7/8, and full at all, speeds at which full de-
flection 1s permiesible. At higher speeds, the foregoing
deflectlons are reduced in proportion to the reduction in
maximum allowable alleron deflsction. For fighter-type
airplanes, i1t 18 usual -to test the allerons at- several
speeds, ranging from slightly above the stall to0 about 80
percent of the permisgeible.diving speed. For bombers, the
upper limit ehould be somewhat above maximum level-flight
speed. In the landing condition (flaps and gear down),
speeds are selected to cover the permiesible speed range.
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3. Pilot allows roll to progress until after maxi-
num rolling velocity has been reached without further
movement of any control. — ..

y ¥

4. Pllot recovers. from mahéufer'ii anildeplred,
manner. R B R

" ' B, Pillot repeats procedure after resetting-the stop
.for theé aileron control system until all required.deflec-
tions to both right and left have been performed at thﬂ
same indicated airspeei. ., .

Recommendatione and commentb regarding the fllght
technlque used. 1n the NACA procedure follow:? .

Trimming all control forces to .89T0, though highly
deslrable, 1g not an absoluts neceeaity. Whon. the capa-=
bilities of the trimming .device pernmit, the .alleron -con-
trol force should invariabdly be trimmed to zero before
rolls are made.

Unlese otherwise specified, the rolls should be dtart-
ed from a power-for-level-flight conditlion, as this condi-
tion 18 most desirable from the pilot'e standpoint. A4At. .:
speeds above maximum level-fllght speed, normal rated
power 1ls generally used. .

Unless the altitude is otherwlise specified, 1t 18 rec-
ommended that gn altitude 'of 10,000 feet be used for rolls -
started from level flight because this altitude has heen
frequently choeen for comparing rolling velocities measured-
with different airplanes. In making the. tests, however,
first”’ consideration. shonld be glven to the smoothneee of
the air af various altitudes. : A W

ka a matter of 1nterest resiilts” of KAGA flight teate
show that an abrupt control.defléction corresponds to mov-
ing the allerons from trim to full deflection in about 0.1
to 0.2 second.

In fixing aileron deflecticn, a simple method con-
siste in using a chain extending from the top of the con-
trol stiock or the back of 2 hand force indicator to an
open hook, fastened .in the side of the plloet!s compartment;
the links of this chailn-are marked to give various pre-~
determined alleron deflections. For wheel controls, some
method equally simple can probably be founéd. It is impor-
tant that provision be ‘made for almost instgntaneous re-



moval of ‘the limiting device at the pllot's will.  TIf break-
ing of the chain .will result -in dangerous control deflec-
tions, 1t 1is advisable to use an additional absolute stop
for limiting the greastest permissible deflection. When-
ever a 'method for limiting control deflectlon 1s installed,
due regard must be shown for the location of the force-
measuring device. The force recorder or indicator muet re-
spond only to hinge moments transmitted from the ailerons
-except in the cage of full aileron deflection -~ that 1s,
agalnst permament stop in alrplane. In thie case the meas-
urement of force 1s often dispensed with in the interests

of simplicity.

The importance of holding the rudder in its trim po-
sition during the test maneuver should be emphasized. If
the pilot 1s allowed to affect the roll by application of
rudder controel, the test resulte tend to become meaning-
less. - .

Maximum rolling velocity generally occurse very short-
ly after the allerons roeach their given deflection from
trim. e

r

Ailoron Trim Changes with Speed

Toests of aileron characteristics should include a
measuremsnt of alleron trim changes with speed for straight
latorally level flight conditions. Theose measurements are

* -mede by simply trimming the aileron.control force to sgero

at lovel-flight specd with rated power with the eirplane
in-the cledn configuration and then mcasuring the aileron
stick force and aileron angles required to trim the alr-
Planc in laterally level straight flight at varlous other
speods throughout the specd.reange, both with rated power
and with powor off.

" EVALUATION OF.LATERAL,-CONTROL DATA |

The initial. step in ovaluating the data consliets in
reducing tho flight moasurements to the following quanti-
tiaa for each roll: . . .

(1) Mazimum rolling velocity attained pméi' radi-
ans per second.- - .o

(2). Total atleron deflection used‘ 'Bgi.- degrees,
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This quantity 1e¢ the sum of the up and down
- - - - alleren daflections .from trim.

(3) Alleron stiock force at normal stick grip posi-
tlon or tangential wheel force at rim of
vheel T¥,, pounds. This quantity is the dif-
ference between the force at trim, wkich should
be mero, and the foree required to hold the
controlas deflected in a given roll,

(4) Correct indicated alrspeed V;, miles per hour.
This 1tem should be defined (esee reference 1)
because no definltion for the term is unlver-
sally ascepted at the present time,.

(5) True airspeed YV, feot psr second.

The second step consists in calculating the maximum
helix angle pb/2V generated by the wing tip of the alr-
plane during each rell. In the term pb/2V, b 18 the
wing span in feet and p and Y are as defined in items
(1) and (5), respectively.

Finally, the data are plotted with stick force and
pb/zv as ordinates against change 1n total alleron angle
a8 the common abscliesa. Data are segregated by using
different symbols for differsnt indicated airspeeds. This
plot, together with a knowledge of the wing span, almost
completely defines the alloron characterlstlcs of the alr-
plane because pb/2V is independent of altitude and ai-
leron stlck forces are essentlally dependent on the 1lndl-
cated alrspeed 1if effects of compreselbility are neglected.

Another plot of interest, particularly when compari-
sons are made between varioue alrplanes, ls a graph 1in
which total alleron angle, rolling velocity at a standard
altitude of 10,000 feet, and pb/2V are plotted agailnet
indicated airspeed for a set value of control force (30
and/og 50 1b for stick controls or 80 1b for wheel con-
trols).

GEEERAL SUGGESTIONS

Alleron Strength Limitations

In most airplanes'previously tested 1t has been found

that safe alleron deflections have been automatically in-



sured by high aileron control foreces. With modern high-
.8peed alrplanes having highly balanced allerons or
booster~type controls, however, the possibllity of bdreak-
ing the allerons or psrmanently deforming the wing struc-
ture 1s greatly increased - particularly in lateral con-
trol teste vhen a pilot may attempt to obtain a specified
deflectlion of the allerons regardless of accompanying
control forces,

For these reasons 1%t 1sg reccommended that before com-
pletely outlinlng a test progrem an analysls of.aileron
and wving strength be made and deflection limits be estad-
lishod for use as a gulde 1n planning teste. BResults of
such an analysls may be plotted as maximum allowable al-
leron deflections agrinst indicated airspeed at test alti-
tuds.

Alleron Interference Effects

The coafiguratlion of the wings of the alrplane during
routine alleron teste ghould be malntained as closely as
possible to the normal eervice configuratien. During re-
cent FACA flight tests with cne alrplane, it wasg found
that mounting a especial alrspeed boom forward of one al-
leron kad a perceptlble effect on alleron effectiveness
and & relatively larger effect on alleron etick forces.
Even emall modiflcations %o the gurface smoothness of the
wing, such as tapering off sharp edges of a palinted in-
signls, gave well-defined changes in stick-force charac- '
teristics. With these consideraticns in mind, therefore,
care should be exsrcised in mounting test equipment in
order that interference effects will be minimized or non-
existent.

Langley #emoriesl.Aeronautical Laboratory, :
Nationel AGvisory Committec for Aeromnautics,
Langley Field, Va,.
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